The sliding computed tomographic (CT) scanner in our trauma resuscitation room can be used early in the assessment of pelvic ring fracture patients. We determined the association between the presence of a pelvic blush on CT scan and the need for pelvic hemorrhage control (PHC). We hypothesized that many pelvic blushes found early in the resuscitation phase can be safely managed without intervention.
I
n recent years, the role of the computed tomographic (CT) scan in the evaluation of trauma patients has changed considerably owing to advances in CT technology and the introduction of multidetector CT scanners. Contemporary CT scanners are able to rapidly generate detailed images. This feature provides the opportunity to use the CT scanner soon after patient arrival and may shorten the diagnostic workup and time to definitive treatment. 1Y3 Although there is no conclusive evidence at present, it has been reported that early whole-body CT scanning may increase the probability of survival in trauma patients. 4 In most institutions, obtaining a CT scan requires potentially hazardous patient transport to the radiology department. In 2004 a multidetector CT scanner was placed in the trauma resuscitation room of our institution. It enabled us to use the CT scan as an adjunct to the primary survey without interrupting ongoing resuscitation. 5, 6 In patients with a major pelvic fracture, the presence of a pelvic contrast extravasation (or ''blush'') on CT scan is widely used as an indicator for significant arterial bleeding that may require (surgical or radiologic) pelvic hemorrhage control.
7Y12
Depending on hospital resources and patient characteristics, either pelvic angiographic embolization or alternatively pelvic packing (or ligation of pelvic arteries) is the preferred method for immediate hemorrhage control.
11,13Y18
Considering the increasing and earlier use of the CT scan and advances in imaging resolution, it may be speculated that at present, more pelvic blushes are detected. Potentially, some of these pelvic blushes do not require hemorrhage control. In pelvic ring fracture patients both pelvic and ''nonpelvic'' (e.g., abdominal, thoracic, or extremity) injuries can cause significant bleeding. In determining the clinical outcome specifically related to the presence of a pelvic blush, it is important to consider these other sources of hemorrhage as well.
In this study, we examined the management and outcome of pelvic ring fracture patients who had a contrast-enhanced CT scan.
We determined the association between the presence of a pelvic blush and the need for pelvic hemorrhage control in all pelvic ring fracture patients as well as in a subgroup of ''isolated'' pelvic fracture patients (without a major nonpelvic bleeding source). We hypothesized that many pelvic blushes found early in the resuscitation phase can be safely managed without intervention.
PATIENTS AND METHODS
All adult patients with a high-energy major pelvic fracture admitted to the trauma resuscitation room of our academic Level 1 trauma center between January 1, 2004, and June 31, 2012, were identified from our prospective trauma registry and the hospital's DRG International Classification of DiseasesV9th Rev. database. Patients who had an intravenous contrast-enhanced CT scan were considered for inclusion. A pelvic ring fracture was defined as a disruption of the pelvic ring in at least two places. Patients with a single break of the pelvic ring (i.e., single acetabular, iliac wing, or pubic rami fractures), transfer patients, and patients declared dead on arrival were excluded from the analysis.
Medical records were reviewed for age, sex, mechanism of injury, Injury Severity Score (ISS), systolic blood pressure (SBP) and base deficit on arrival, packed red blood cell transfusion within 24 hours after arrival, and (hospital and hemorrhage-related) mortality.
Pelvic fractures were classified using the Young and Burgess classification; major ligamentous disruption (MLD) was defined as anteroposterior Type II and III, lateral compression Type III, vertical shear, and combined mechanism.
19Y21 Operative and radiology reports were examined for surgical and/or radiologic interventions performed to control pelvic or nonpelvic bleeding sources.
Patient Management and Imaging
Initial patient assessment followed our institutional protocol and advanced trauma life support (ATLS) principles. According to the local imaging protocol, all high-energy trauma patients receive a chest and pelvic radiography as well as a FAST within 5 minutes of arrival. Pelvic ring fracture patients also have an abdominopelvic intravenous contrast-enhanced CT scan. The location of the multislice CT scanner (SOMATOM Sensation 4 and 64 [from 2008], Siemens Medical Systems, Erlangen, Germany) in the trauma resuscitation room enables us to safely perform a rapid CT scan in all patients except for those with refractory hemorrhagic shock despite adequate fluid resuscitation (ATLS ''nonresponders''). On arrival, patients are placed on the trauma room table, which is radiolucent and also acts as the CT table. The CT scanner is able to slide over the patient without interrupting ongoing resuscitation. 5, 6 Images are viewed in stacked mode using picture archiving and communication system.
After the CT scan is obtained, the images are immediately reviewed by the attending trauma surgeon and radiologist. An interventional radiologist is available on a 24-hour basis. The decision to proceed for surgical or radiologic hemorrhage control was typically based on the patient's hemodynamic status and presence of associated injuries. In general, patients with a pelvic blush received pelvic angiography on a liberal basis. Particularly, pelvic blush patients with signs of ongoing bleeding (clinical signs of hypovolemic shock with a continuing transfusion requirement) were considered for radiologic hemorrhage control. Digital subtraction angiography was performed using Philips V3000 (the Netherlands) equipment. Patients with an arterial injury on pelvic angiography received pelvic angiographic embolization. Embolization was performed using a variety of platinum embolization coils, Gelatin sponge particles (Gelfoam, Upjohn, Kalamazoo, MI) or a combination of both.
Pelvic blush patients with refractory hemorrhagic shock (ATLS ''nonresponders'') had immediate surgical hemorrhage control by pelvic packing or (occasionally) surgical ligation of pelvic arteries (followed by pelvic angiography if needed). Intraperitoneal pelvic packing was generally performed in patients who required a laparotomy and preperitoneal packing in patients who did not require a laparotomy (rarely at the time of study). Surgical hemorrhage control was also performed in patients with signs of pelvic hemorrhage at immediate laparotomy for abdominal hemorrhage. A pelvic external fixator was placed before laparotomy for unstable fracture patterns. The overall patient management was at the trauma surgeon's discretion in conjunction with the anesthesiologist and interventional radiologist on call.
For the purpose of the study, all CT scans were reviewed for the presence of a pelvic blush (focal area of high-contrast density) by two senior radiology residents and a boardcertified interventional radiologist in consensus. All pelvic angiographies were independently reviewed by a board-certified interventional radiologist for the presence of arterial injury (contrast extravasation, cutoff, or pseudoaneurysm).
Definitions
The need for pelvic hemorrhage control was defined as having received a surgical (pelvic packing or surgical ligation) and/or radiologic (angiographic embolization) intervention for pelvic bleeding. A major nonpelvic bleeding source was defined as an abdominal, thoracic, or extremity injury that required surgical or radiologic hemorrhage control. A patient was considered to have an ''isolated'' pelvic fracture or blush in the absence of a major nonpelvic bleeding source.
Statistical Analysis
Continuous variables are presented as median values with interquartile ranges (IQRs) and are compared using Mann-Whitney U-test or as mean values with SDs and compared with independent t test, depending on data distribution. Categorical values were calculated as percentage of frequency of occurrence. Discrete variables were compared using Fisher's exact analyses. Statistical significance was declared at the 0.05 level.
Two-by-two contingency tables were constructed to calculate the diagnostic indices (sensitivity, specificity, as well as positive and negative predictive values) for the presence of a pelvic blush on CT scan and the need for pelvic hemorrhage control in all patients as well as in the subgroup of isolated pelvic fracture patients. Results are presented with 95% confidence intervals.
All data management and statistical analysis were performed using Statistical Package for the Social Science (SPSS\, IBM\, Armonk, New York).
RESULTS
Overall, 172 pelvic ring fracture patients were identified, and 166 (97%) had a contrast-enhanced CT scan. Four patients were excluded owing to the nondiagnostic quality of the images or an incomplete CT examination.
In total, 162 pelvic ring fracture patients were included in the study. A pelvic blush was present in 68 patients (42%) and absent in 94 patients (58%).
The characteristics, management, and outcome of all patients by presence of a pelvic blush on CT scan are presented in Table 1 . Patients with a pelvic blush had a significantly higher age and ISS as well as a lower SBP and higher base deficit on arrival. Furthermore, pelvic blush patients had more complex pelvic fractures (with MLD) and required more pelvic external fixators and pelvic hemorrhage control. The sex, method of injury, and need for nonpelvic hemorrhage control was similar in both groups. Patients with a pelvic blush also had a significantly higher 24-hour and any packed red blood cells requirement and a higher hospital and hemorrhage-related mortality.
Pelvic Hemorrhage Control in All Patients
Of 68 patients with a pelvic blush, 36 (53%) had no pelvic hemorrhage control and 32 patients (47%) had pelvic hemorrhage control (Table 2) . Five patients had pelvic packing at laparotomy, and 27 had pelvic angiographic embolization (6 of those had both interventions). Of the 36 patients with a pelvic blush but no pelvic hemorrhage control, 10 patients (hemodynamically) stabilized after hemorrhage control for major nonpelvic bleeding, 9 had a negative pelvic angiography for arterial injury, and the remaining 17 had no intervention for hemorrhage control.
Of the 94 patients without a pelvic blush, 87 (93%) did not have pelvic hemorrhage control and 7 (7%) did have pelvic hemorrhage control. One patient had pelvic packing at laparotomy, and six patients had a pelvic angiography (for clinical signs of active bleeding) with subsequent embolization for an arterial injury.
The sensitivity, specificity, as well as positive and negative predictive values of a pelvic blush for the need for pelvic hemorrhage control in all patients were 82% (66Y92), 71% (62Y78), 47% (35Y59), and 93% (85Y97), respectively (Table 3) .
Pelvic Hemorrhage Control in Isolated Pelvic Fracture Patients
In total, 28 patients had a major nonpelvic bleeding source. Twelve patients required surgical, and 13 required radiologic hemorrhage control for abdominal injuries, 2 patients had a thoracotomy for thoracic injuries, and 1 patient had surgical hemorrhage control for an extensive extremity injury. In the remaining 134 isolated pelvic fracture patients, the pelvic fracture was the only potential source of major hemorrhage.
A pelvic blush was present in 53 patients (40%) ( Table 4 ). Of those, 26 patients (49%) did not have pelvic hemorrhage control and 27 patients (51%) had pelvic hemorrhage control. Three patients had pelvic packing at laparotomy, and 24 had pelvic angiographic embolization (4 of whom had both interventions). Of the 26 patients with a pelvic blush but no pelvic hemorrhage control, 9 had a negative pelvic angiography for arterial injury and 17 had no intervention for hemorrhage control.
A pelvic blush was absent in 81 patients (60%). Of those, 77 patients (95%) had no pelvic hemorrhage control and 4 (5%) did have pelvic hemorrhage control. One patient had pelvic packing at laparotomy, and three patients had pelvic angiographic embolization for clinical signs of active bleeding.
The sensitivity, specificity, as well as positive and negative predictive values of a pelvic blush for the need for pelvic hemorrhage control in isolated pelvic fracture patients were 87% (69Y96), 75% (65Y83), 51% (37Y65), and 95% (87Y98), respectively ( Table 3) .
Outcome of Pelvic Blush Patients
The characteristics and outcome of all patients with a pelvic blush and patients with an isolated pelvic blush in relation to the need for pelvic hemorrhage control are presented in Tables 5 and 6 . Both in the overall pelvic blush group as well as in the isolated pelvic blush subgroup, patients with pelvic hemorrhage control had a similar age, sex, mechanism of injury, type of fracture, and SBP on arrival compared with patients who did not have pelvic hemorrhage control. Furthermore, in both groups, patients with pelvic hemorrhage control had a significantly higher ISS and base deficit on arrival.
In the overall pelvic blush group and in the isolated blush subgroup, the total packed red blood cells requirement in 24 hours after arrival and the need for any packed red blood cells were significantly higher in patients with pelvic hemorrhage control.
In the overall pelvic blush group, the hospital and hemorrhage-related mortality rates were similar in patients who had pelvic hemorrhage control and those who did not. In the isolated pelvic blush subgroup, there was a trend toward a higher hospital and hemorrhage-related mortality in patients who had pelvic hemorrhage control.
DISCUSSION
In this study of pelvic ring fracture patients, a pelvic blush on early contrast-enhanced CT scan was a frequent finding and an indicator of severe injury. The percentage of patients with a pelvic blush (42%) found in the present study is significantly higher than earlier reported. Previous studies of patients with a variety of (single) pelvic and acetabular fractures report of an incidence of up to 12%.
11,22Y24 Several factors may have contributed to this discrepancy. First, our patients had an inherently higher risk for arterial injury considering that only patients with high-energy pelvic ring fractures were included while patients with single pelvic or acetabular fractures and those with fractures from low-impact falls were excluded from the analysis. Furthermore, because of the location of the CT scanner in the trauma resuscitation room, we were able to obtain a CT scan in nearly all pelvic ring fracture patients without interrupting ongoing resuscitation. This included hemodynamically compromised patients who would not be considered for early CT scan in many other institutions. Second, it may be speculated that the timing of the CT scan (early in the resuscitation phase) contributed to the high rate of pelvic blushes detected. Potentially, some smaller arterial injuries would not have been detected on a more delayed CT because these may stop bleeding spontaneously. Lastly, in recent years, advances in CT technology have improved imaging resolution, which may have resulted in the detection of more discrete blushes.
Our results suggest that the presence of a pelvic blush (by itself ) is not reliably associated with the need for pelvic hemorrhage control in all pelvic ring fracture patients as well as in isolated pelvic fracture patients. In both patient groups, half of pelvic blushes (53% and 49%, respectively) required no intervention. This was in part caused by the fact that some pelvic blush patients had a negative pelvic angiography for arterial injury while others showed no clinical signs of active pelvic bleeding (following nonpelvic hemorrhage control).
The need for pelvic hemorrhage control in pelvic ring fracture patients was more determined by the presence of clinical signs of ongoing bleeding than by the mere presence of a pelvic blush on CT scan. It seems that further treatment should therefore be guided primarily by hemodynamic parameters and the patient's response to resuscitation and not by radiologic parameters only. In the current literature, there is no agreement on whether a pelvic blush predicts the need for pelvic hemorrhage control and more specifically for pelvic arterial embolization. The limited predictive value found in our study is in concurrence with several earlier reports on pelvic fracture patients. These studies found that angiographic embolization was required in only 29% to 41% of pelvic fracture patients with a pelvic blush. 22, 25, 26 However, other studies came to different conclusions and suggested that a pelvic blush on CT scan is a sign of arterial injury that requires angiographic embolization (in 69% and 80% of the patients). 23, 24 In a study that described patients that either required angiographic embolization or emergency surgery for pelvic hemorrhage control, it was found that of 15 pelvic fracture patients with a pelvic blush, 9 (60%) required an intervention. 11 The contradictory findings in current literature are potentially a result of small sample sizes, differences in inclusion criteria, and variation in treatment strategies.
Our data also show that the absence of a pelvic blush on CT scan dismisses the need for pelvic hemorrhage control in the great majority of all major pelvic fracture patients as well as isolated pelvic fracture patients (93% and 95%). Earlier studies concur with this finding and report of a negative predictive value of 98% to 100%.
11,22Y24 It is however important to note the small number of patients in our study that did require (mainly radiologic) pelvic hemorrhage control in the absence of a pelvic blush. The false-negative results in these patients were potentially caused by intermittent bleeding and were detected because of an ongoing transfusion requirement
In pelvic ring fracture patients with a pelvic blush on CT scan, the need for pelvic hemorrhage control is evident in patients with signs of ongoing pelvic bleeding (in the absence of major nonpelvic bleeding). However, there is no consensus regarding the management of pelvic blush patients with stable vital signs and a minimal transfusion requirement. 7, 8 We found that many pelvic blush patients have no signs of ongoing bleeding and have a favorable outcome without the need for pelvic hemorrhage control. This finding was particularly apparent in the absence of major nonpelvic bleeding sources that can have a significant impact on clinical outcome.
While the CT scan can be a valuable tool for the overall assessment of pelvic fracture patients, the benefits of this modality should be carefully considered in light of the potential risk of transporting the patient to the CT scanner. It is evident that a CT scan is only indicated if it can be safely obtained in an environment with close patient monitoring and resuscitation capabilities. A specific note of caution is for pelvic fracture patients who remain unresponsive to adequate fluid resuscitation. In these unstable patients, an immediate intervention is required and should not be delayed by performing a CT scan.
27Y29

Limitations
This study is retrospective in design with the inherent limitations regarding data collection and selection bias. Although there was general agreement on the management strategy, no set treatment algorithm for pelvic ring fracture patients was in place to standardize decision making. The need for an intervention was determined early in the resuscitation phase based primarily on clinical signs of active bleeding and the presence of associated injuries; no patients had a delayed intervention for hemorrhage control. We were unable to examine the vital signs or transfusion requirements in detail to determine the effect certain interventions had on the patients' hemodynamic status. Lastly, the design and power of the study did not permit us to formulate reliable predictors for the need for pelvic hemorrhage control.
To define more accurately what early parameters are reliable predictors for the need for pelvic hemorrhage control, a further prospective study would be needed.
CONCLUSION
In pelvic ring fracture patients, a pelvic blush on early contrast-enhanced CT scan is a frequent finding. Many patients with (particularly isolated) pelvic blushes have stable vital signs and can be managed without surgical or radiologic pelvic hemorrhage control. The need for an intervention for a pelvic blush seems to be determined by the presence of clinical signs of ongoing bleeding. 
